A B S T R A C T By analysis of 124 specimens in 16 different patients, isolated human adipocyte cholesterol concentration is highly correlated with fat cell size but not with plasma cholesterol concentration. Less than 6% of total cholesterol is esterified; after subcellular fractionation, 88% of the cholesterol is recovered in the triglyceride-rich supernatant oil. This latter finding supports the observation that fat cell cholesterol is determined by triglyceride content, and hence by fat cell size.
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After intravenous administration of radioactive cholesterol, the sum of a three-exponential equation was fit simultaneously to both the plasma and adipocyte specific activity time curves in six patients. In five of the six, a slowly turning over pool (pool 3) closely fit the adipocyte data. Two model structures, mammillary and catenary, were fitted to the data. There was no synthesis in pool 3 using a mammillary model but a mean 5.3% of the total body production rate was found in compartment 3 if a catenary model was assumed. Although a catenary model is biologically unlikely, it could not be excluded.
Obesity is associated with an increased cholesterol synthetic rate equal to 20 mg/day for each kilogram of body fat. To test (by an independent method) if this synthesis might be occurring in adipose tissue, human fat cells were obtained under a wide variety of dietary conditions and incubated in vitro with radioactive glucose or acetate. Incorporation of these precursors into sterol could account for no more than 1 mg cholesterol synthesis/kg fat per day. These in vitro data taken togethed with the in vivo mammillary compartmental analysis data are compatible with the possibility that Portions (1, 2) or by sterol balance methods (2, 3) . This excess cholesterol synthesis may be twice normal (2) but can be reversed by weight reduction (3) . Compartmental analysis of plasma specific activity curves suggests corresponding enlargement of a slowly turning over body cholesterol pool in obesity (2) . Adipose tissue analyses in rats (4) and in a small number of obese humans (5) provide data for cholesterol content in the fat organ that can account for the increased body cholesterol storage.
Farkas, Angel, and Avigan (4) have recently reported detailed studies of rat adipose tissue with special emphasis upon accumulation, distribution, and local synthesis of cholesterol. It is the purpose of this study to extend these findings to man with regard to the following parameters of adipocyte cholesterol: subcellular localization and degree of esterification; effects of cell number, cell size, and plasma cholesterol on adipocyte cholesterol concentration; in vitro cholesterol biosynthetic rates from radioactive glucose and acetate; and compartmental analysis of in vivo adipocyte cholesterol turnover after intravenous infusion of radioactive cholesterol. The last procedure requires the sum of a threeexponential equation to adequately describe cholesterol turnover in man (6, 7) . By fitting such an equation to both plasma and adipocyte specific activity curves simultaneously, it is possible to compare different threepool models (mammillary and catenary, Fig. 1 ) and to determine if synthesis occurs in the slowly turning over pool 3 of adipocyte cholesterol. Plasma cholesterol and triglycerides were measured by autoanalyzer methods (8, 9) .
Compartmental analysis of radioactive cholesterol turnover. A clinical description of the six patients receiving radioactive isotopes is given in Table I Both the plasma and adipocyte specific activity time curves were fitted simultaneously with sum of three-exponential equations. The rate constants of the two equations are the same but the coefficients or intercepts are different for each curve. Thus:
where Y1 and Y8 are the specific activity curves for pools 1 and 3, A1, is the ith coefficient for the equation for pool 1, A3s is the ith coefficient for the pool 3 equation, and as is the ith rate constant (same for equal i for both equations). (10) . The maximum likelihood procedure for simultaneously estimating the eight parameters of the two equations from the two specific activity time curves was incorporated into a computer program (11) which uses a modification of the Marquardt convergence technique (12) . The adequacy of the fit was assessed by a runs test on both curves. Both the plasma and adipocyte data were closely fitted by this simultaneous estimation procedure except for patient R. C. (Fig. 5 ) in whom the later adipocyte data points were not well fitted. The curve for plasma passes through the plasma data on this patient because there are more plasma points and they have less variability and, hence, a higher weight The lower CHC1L phase was, transferred to a tared glass weighing bottle and evaporated -to dryness under N. After determination of total lipid gravimetrically, the contents were dissolved in 18 ml absolute ethanol and transferred. to 125-ml glass-stoppered bottles. 2 ml of 10 N NaOH was added and the mixture was refluxed at 781C for 2 h. The nonsaponifiable fraction was extracted three times with 40-ml volumes each of petroleum ether (bp 66-691C). After trimethyl silylation sterols were determined in this fraction by GLC using a 5a-cholestane as an internal reference standard (Steraloids, Inc., Pawling, N. Y.). A 6-foot glass column packed with silanized Gas-Chrom P (100-120 mesh) coated with 1-2% film of DC 560 (Applied Science Labs, Inc., State College, Pa.) was run at 240'C in an instrument equipped with a hydrogen flame ionization detector.
Cholesterol synthesis in vitro. Shreds of human subcutaneous adipose tissue were incubated with collagenase, 1 mg/3 buffer, for 1 h at 370C, and adipocytes were isolated (14) and incubated for 2 h in the following proportions:
1 ml-cells (50-100 mg/ml suspension) 1 To examine cholesterol concentration in adipose tissues taken from various body fat depots, we obtained autopsy specimens from two different patients (Table  III) . Patient 1 (S. S.) was a 56-yr-old male with hypercholesterolemia and severe atherosclerotic heart disease. Cholesterol content of whole adipose tissue taken from omental, subcutaneous, substernal, and perirenal regions averaged 1.6 mg/g lipid and varied little from site to site. A second patient, L. S., was a 54-yrold female with a '7-yr history of primary biliary cirrhosis. Her adipose tissues contained over three times the (Fig. 2) . No be proven between adipocyte cholestex hyperlipidemia or to the mean plasma centration obtained during the 2-3 mo There was a highly significant corre with cell size (Fig. 3) . As the amoun per cell increases so does the amount Cholesterol storage in the fat organ is a (Fig. 4) Three-pool mammillary models, without and with 1.6iSD 0.3 synthesis into pool 3, were simultaneously fitted to both 'the plasma and adipocyte specific activity time curves. Assuming a mammillary model, synthesis into pool 3 4.7 was zero in all of the six subjects studied. The values of the six significant model parameters (RoL), the pro- length of the studies (64-149 days) some of the estimated parameter values had wide confidence limits, particularly kn and k2i for subject R. C. Three-pool catenary models, without and with synthesis into pool 3, were fitted to the six sets of data. The results show that estimated synthesis into pool 3 (R.o) had a finite, non-zero value in three of the six subjects studied although it was more than 5% of the overall production rate (Rio) only in subject F. G. No one model showed a significant reduction in the residual error about the fitted curve and we are therefore unable to choose between the three on a mathematical basis. Cholesterol addition of insulin in vitro (1,000 uU/ml) increased glucose incorporation into cholesterol to more than 2 nmol g cells/2 h. This value is equivalent to less than 1 mg cholesterol/kg body fat per day. In our earlier report (2) and in Miettinen's (3) study, obese patients synthesized 20 mg/kg body fat per day in excess of normally weighted controls.
In two additional patients (Table VI) fed a liquid formula consisting of 40% corn oil (cholesterol-free), 45% dextrose, and 15% protein, intact shreds of subcutaneous adipose tissue were incubated with radioatcive acetate. Duplicate experiments were performed 2 wk apart after weight stabilization. The results again (18) .
The cholesterol specific activity curves illustrated in Fig. 5 are of interest in several regards. The slow exchange between plasma and fat tissue proves the existence of at least two pools of body cholesterol. Recently plasma specific activity curves of longer duration have been best fit by three exponentials, and we have therefore analyzed our data with a three-compartment model (7) . Adipose tissue cholesterol kinetics agree quite closely with the hypothetical third pool. Other studies from our laboratory suggest colon, stomach, and muscle as the major tissues comprising the second pool.1 Connective tissue appears to exchange cholesterol with plasma at a rate still slower than adipose tissue.
Analysis of the two specific activity curves in the six subjects studied did not distinguish between the mammillary or catenary model structure, largely because the adipose tissue was not sampled early enough in the study. If adipocyte cholesterol turns over according to a mammillary model then significant counts of radioactive cholesterol will be seen early while appearance of radioactivity will be delayed if the catenary model is the correct model. On the other hand, the implication of the catenary model is that there is a pool between plasma and adipocyte which may be difficult to justify (particularly if pool 2 is thought to be comprised of colon, stomach, and muscle).
If whole body turnover of cholesterol can be described by a three-pool mammillary model, then the results of the modeling show conclusively that synthesis in pool 3 must be less than 0.01% of the total production rate. This conclusion supports the in vitro biosynthesis experiments. If a three-pool catenary model is the best description of cholesterol turnover, then the synthesis into pool 3 ranges from 0 (three of the patients) to 22% of the total production rate (Roi) with an average of 5.3%. In the three subjects with some synthesis into compartment three of a catenary model there was not a significant reduction in the residual error about the model. Thus, it was not possible to say that inclusion of the seventh parameter (R80) significantly improved the fit.
To test more directly the possibility that adipose tissue cholesterol synthesis might contribute a substantial portion of the total body sterol turnover, we measured sterol biosynthesis in vitro (Table VI) . Using glucose as a substrate in physiologic concentration human adipocytes could account for no more than 5% of total body cholesterolgenesis. Changes in fat cell size (by weight reduction), diet, or addition of insulin to the medium failed to increase the glucose incorporation into cholesterol. Angel and Farkas (19) 
